replicate at 37 oC in muskmelon, whereas all of the slow strains were unable to replicate to detectable levels at 37 °C, but replicated efficiently at 27 °C. Using previously constructed pseudorecombinants between a fast and a slow strain, Fny-and Sny-CMV, temperature sensitivity was mapped to RNA 1 of the Sny-CMV strain.
Cucumber mosaic virus (CMV) is a tripartite RNA virus with a plus-sense genome. The three genomic RNAs of CMV contain four open reading frames (ORFs). RNAs 1 and 2 are the only viral requirements for replication of virus RNA (Nitta et aL, 1988; Hayes & Buck, 1990) . RNAs 1 and 2 each contain one ORF, encoding proteins of l llK (the la protein) and 97K (the 2a protein), respectively. These RNAs contain regions conserved among all members of the Sindbis-like virus supergroup (Ahlquist et al., 1985; Rezaian et aL, 1984 Rezaian et aL, , 1985 . The two ORFs of RNA 3 encode a 30K protein (the 3a protein) thought to be involved in viral movement (Stussi-Garaud et al., 1987) and the viral coat protein, which is translated from the 3' collinear, subgenomic RNA 4 (Schwinghamer & Symons, 1975; Gould & Symons, 1978) .
There are numerous reports in the literature which examined the effects of temperature on CMV infection (Kassanis, 1952; Hitchborn, 1956; Bird et al., 1971; Eisbein & Haack, 1985; Pink & Walkey, 1985) . In general, symptom production was effectively reduced in plants exposed to higher temperatures (from 25 °C to 35 °C), but in most earlier studies virus titres were not examined to determine whether the temperature effect was due to a decrease in virus levels or a masking of symptoms. In general, temperature effects were highly variable and were dependent on the host plants and the virus strains.
Using several strains of CMV which were categorized as 'fast' or 'slow', based on the time of appearance of t Present address: Plant Biology Division, Noble Foundation, Ardmore, Oklahoma 73402, U.S.A. symptoms in zucchini squash (Curcubita pepo cv. Black Beauty) (Roossinck & Palukaitis, 1990 and our unpublished results), the effect of temperature on CMV infection was examined. After testing a number of different melon varieties, a cultivar-dependent temperature sensitivity was found for the slow CMV strains, which were unable to produce any detectable infection in muskmelon (Cucumis melo cv. Iroquois; Munger, 1944) at 37 °C. The fast strains were able to replicate at high temperatures in Iroquois muskmelon.
Virus strains Fny-and Sny-CMV were described previously (Roossinck & Palukaitis, 1990) . Cap9A-, LE-, O-, UH-and VE85-CMV were provided as viral RNAs by P. Palukaitis (Cornell University). Rmi-CMV was isolated in 1987 from an infected cucumber plant from Michigan (M. Roossinck, unpublished data). Rmi-CMV was propagated in zucchini squash (Cucurbita pepo) and virus was purified and viral RNA extracted as described (Palukaitis & Zaitlin, 1984) . Four of the strains (Cap9A-, LE-, O-and Sny-CMV) all induced symptoms in zucchini squash within 6 to 7 days, and were categorized as slow strains, whereas the other four strains (Fny-, Rmi-, UH-and VE85-CMV) induced symptoms in zucchini squash within 3 to 4 days and were categorized as fast strains (data not shown). These strains were then inoculated onto muskmelon (a gift of H. Munger, Cornell University). In initial studies, cotyledons were inoculated with 100 ~tg/ml of viral RNA, in 50 mM-sodium phosphate pH 9.2; however, the percentage of plants infected was much higher using 200 ~g/ml of viral RNA and inoculating young leaves at the two-to three-leaf stage. All plants were grown in a greenhouse prior to 0001-0082 © 1991 SGM inoculation. Inoculated plants were maintained in environmentally controlled chambers with a 16 h day length, and either daytime temperatures of 27 °C and night-time temperatures of 23 °C, or a constant temperature of 37 °C.
Ten to 14 days after inoculation, plants were assessed for CMV infection. Tissue samples of approximately 0.1 g were harvested from new growth and extracted as described (Palukaitis et al., 1985) . Samples were spotted onto nitrocellulose filters, which were subsequently either baked at 80 °C for 90 min, or u.v. cross-linked by exposure to short-wave u.v. light for 45 s (Fotodyne u.v. transilluminator). Filters were then prehybridized for 30 min in 50~ deionized formamide, 5 x SSC, 50 mMsodium phosphate pH 7, 0-1 ~o (w/v) each of BSA, Ficoll and polyvinylpyrrolidone, 1 ~o (w/v) glycine, 0.1 ~ SDS and 250 ~tg/ml phenol-extracted yeast RNA, at 55 °C; or filters were hybridized for 5 h or overnight in buffer II (3 x SSC, 0.08~ w/v each of BSA, Ficoll and polyvinylpyrrolidone, 1 mM-EDTA and 250 ~tg/ml phenolextracted yeast RNA) as described (Palukaitis et al., 1985) . Filters were then hybridized in buffer II with approximately 6 x 106 c.p.m. 32p-labelled cDNA made to Fny-CMV RNA, and washed prior to autoradiography (Palukaitis, 1986) .
As shown in Table 1 , none of the plants inoculated with the slow strains of CMV (i.e. Cap9A-, LE-, O-and Sny-CMV) and maintained at 37 °C tested positive for the presence of CMV, whereas most of the control plants grown at 27 °C were infected. All of the fast strains (Fny-, Rmi-, UH-and VE85-CMV) were able to infect muskmelon at both temperatures.
In order to determine whether the slow strains were actually replicating virus at undetectable levels at 37 °C, plants inoculated with the four slow strains were grown for 2 weeks at 37 °C and then shifted to 27 °C and maintained for an additional week. At the same time, plants inoculated with the slow strains, which had been grown at 27 °C for 2 weeks and tested positive for CMV infection, were shifted to 37 °C and allowed to grow for an additional week. All of these plants were then retested for CMV by dot blot hybridization. As shown in Table 2 , most of the temperature-shifted plants inoculated with the slow strains did not contain any detectable CMV. However, plants inoculated with the LE-CMV strain and shifted from 37 °C to 27 °C did test positive for CMV after 1 week. This suggests that low levels of virus were in fact present at 37 °C and replicated to high levels after shifting to the permissive temperature. Plants infected with Sny-CMV were not tested after the 27 °C to 37 °C shift because these plants developed systemic necrosis and died after being shifted to 37 °C. In an additional temperature-shift experiment, Fny-CMV and Sny-CMV were inoculated onto muskmelons and incubated for 48 h at either 27 °C or 37 °C followed by a temperature shift. These plants were then tested for CMV 10 days after the temperature shift. One of the seven plants inoculated with Sny-CMV and shifted from 37 °C to 27 °C tested positive for CMV, indicating that infectious material, which may have been the residual inoculum, was still present at a low level after 48 h at 37 °C. None of the Sny-CMV-inoculated plants shifted from 27 °C to 37 °C tested positive for CMV (data not shown). The Iroquois cultivar of muskmelon was developed at Cornell (Munger, 1944) by a cross between the muskmelon cultivar 'Bender Surprise' and the honeydew melon 'Greenflesh'. Seeds for 'Bender Surprise' were not available; however, 'Greenftesh' honeydew melon was tested for the temperature-sensitive effect using the prototype fast and slow strains Fny-and Sny-CMV. Although neither Fny-nor Sny-CMV-inoculated plants showed any detectable symptoms in honeydew at 37 °C, the Fny-CMV-inoculated plants tested positive for CMV by dot blot analysis, suggesting that either the honeydew 'Greenflesh' cultivar or both 'Bender Surprise' and 'Greenflesh' melon cultivars had contributed a host factor(s) which allowed the Fny-CMV strain to overcome temperature sensitivity.
In a previous study (Roossinck & Palukaitis, 1990 ) the slow phenotype was shown to map to RNA 1. Using the Fny-and Sny-CMV strains as prototype fast and slow strains, pseudorecombinants between these two strains, described previously (Roossinck & Palukaitis, 1990) , were used to map the temperature-sensitive effect. All of the strains containing RNA 1 from the Sny-CMV strain (i.e. SFF, SFS, SSF and SSS) were temperature-sensitive at 37 °C, whereas all of the strains containing RNA 1 from Fny-CMV (i.e. FSS, FSF, FFS, and FFF) were temperature-resistant (Table 3 ). The cosegregation of the slow phenotype and temperature sensitivity suggests that they map to the same domain in the RNA l molecule.
In an earlier study using the related tripartite virus alfalfa mosaic virus (AIMV), two temperature-sensitive mutants were isolated which mapped to RNA 1. Both of these mutants were defective in the synthesis of minusstrand RNA. However, one of the mutants was also defective in viral coat protein synthesis, indicating that mutations in RNA 1 can affect more than replication, and that functional domains can be mutated separately .
Cultivar-specific temperature sensitivity implies a domain involved in virus-host interactions. Recently, the gene products of RNAs 1 and 2 of the Q strain of CMV have been shown to interact with a single 50K tobacco protein to produce a complex which is capable of synthesizing viral RNAs in vitro (Hayes & Buck, 1990) . No such in vitro system has been developed as yet for muskmelon, but it would be interesting to determine whether a similar protein is found in cucurbits, and if the interaction between viral and host factors is affected by temperature. Studies with temperature-sensitive mutants of A1MV RNA 1 suggested that formation of a replicase complex was inhibited at the non-permissive temperature, but that once the complex was formed, its function was not impaired at high temperature .
RNA 1 contains both the conserved motifs of a helicase (Hodgman, 1988) as well as the properties of a nucleotide-binding protein (Gorbalenya & Koonin, 1989) in the carboxy-terminal third of the la ORF; however, their precise roles in replication are unknown. The amino-terminal third of the la protein shows a high degree of homology with analogous proteins of the supergroup of Sindbis-like viruses (Ahlquist et al., 1985) . Recently, a methyltransferase activity has been assigned to this region of the Sindbis virus molecule (Mi et al.,  1989) . With the availability of full-length cDNA clones of the Fny-CMV strain (Rizzo & Palukaitis, 1990 ), more precise mapping of the functional domains of RNA 1 should be possible.
